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Abstract
Objective—Analyze the impact of a mixed regime of infectious and chronic conditions among
older adults in Mexico on their health progression.

Methods—A total of 12,207 adults from the Mexican Health and Aging Study were included.
Logistic regression analyses were conducted to assess the relationship between self-reported
health (SRH) and covariates, including infectious and chronic diseases. Changes in SRH between
2001–2003 were analyzed using multinomial analysis.

Results—Older age, low SES, poor SRH and type of disease at baseline increase the odds of
poor SRH at follow-up. Odds of poor SRH are highest for persons with both types of diseases (OR
2.63, SE 0.24), followed by only chronic (OR 1.86; SE 0.12) and finally only infectious (OR 1.55;
SE 0.25).

Discussion—Mexico is experiencing a mixed regime of diseases that affects the health and
wellbeing of older adults. Despite the rising importance of chronic diseases in countries like
Mexico, it is premature to disregard the relevance of infectious diseases for public health.
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Introduction
A well-known account of health and mortality changes originally proposed by Abdel Omran
states that populations undergo three stages of the so-called epidemiological transition 1.
This framework has been interpreted in a number of ways but in all cases the original
structure remains unaltered 2–4. First, there is a presumption that societies move from initial
regimes ruled by injuries and infectious diseases to a terminal one dominated by chronic
conditions, particularly cancer and cardiovascular disease. Second, although Omran’s
original model doesn’t maintain that all populations experience the same stages in a
particular sequence or following a particular timing, users of the framework frequently
presume that historical transitions must somehow be ordered 2; 3; 5. Third, both the original
formulation and its many applications seem to ignore the underlying forces that trigger
changes within or between the stages.

Omran’s framework is quite useful to describe changes experienced by high-income
countries, however, its applicability to low-income countries is questionable. Most low-
income countries, particularly those in Latin America, left behind regimes dominated by
infectious diseases and are experiencing high death rates associated with cancer,
cardiovascular disease and metabolic disorders 6. Meanwhile, conventional (and emerging)
infectious diseases remain highly prevalent, to the point that mortality attributable to
infectious diseases is higher than would be expected given the mortality rates associated
with chronic diseases 7. The mixed regime of infectious and chronic diseases has theoretical
implications for health status, mortality and wellbeing of susceptible populations, in
particular older adults.

Populations in Latin America attaining older ages after the year 2000 will be particularly
fragile due to unfavorable childhood experiences7. These countries experienced rapid
mortality decline beginning in 1930 or 1940 because of increased medical knowledge and
technology and to a lesser degree, by improvements in living standards. This, in addition to
life-style exposures and changes, produces three outcomes. First, a decrease in infectious
diseases and a corresponding rise in chronic conditions. Second, increasing frailty of cohorts
born right before, during and shortly after the interventions. And third, a persistence of
infectious diseases since some of their root causes still remain. Mexico is an example where
chronic diseases are increasing similar to some developed countries and yet, infectious
diseases are still common and costly causes of hospital and ambulatory care 8. Whether or
not and how this mixed regime of diseases affects the wellbeing of older Mexican adults is
not well understood.

The current study will use Mexico to highlight likely consequences of a mixed regime of
diseases for older adults. Since infectious and chronic diseases elicit different biologic
responses we seek to understand the health and mortality consequences of the co-existence
of infectious and chronic diseases. We will determine how self-reported health (SRH)
changes in the presence of different disease categories after controlling for socioeconomic
status (SES). It is well known that self-reported health status is an important predictor of
mortality and is strongly associated with subjective wellbeing 9; 10. Thus, identification of
the effects of mixed health regimes on SRH has potential implications for population health.

Methods
Analysis Sample

Data for this study comes from the Mexican Health and Aging Study (MHAS, or its name in
Spanish ENASEM, Estudio Nacional de Salud y Envejecimiento en Mexico). The MHAS is
a prospective panel study, nationally representative of rural and urban areas. This study
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contains information for adults 50 years and older that resided in Mexico in 2001, as well as
their spouse or partner. The MHAS was designed to examine the aging process and evaluate
the impact of disease on health, function, and mortality. There are two waves of information
available so far: baseline, collected in 2001 and follow-up, collected in 2003. A more
detailed description of the study is available elsewhere 11; 12. This paper uses data from both
waves of the study. The analysis sample includes adults 50 years and older with complete
information on all relevant variables at baseline (n=11,379) and follow-up (n=11,194).

Variables
SRH is the dependent variable for our models and was measured by asking respondents to
rate their health with a 5-item scale ranging from poor to excellent. The variable has a
skewed distribution so we dichotomized it as poor vs. non-poor health to determine how
type of disease relates to SRH. “Poor” was one category and fair, good, very good and
excellent were grouped as “non-poor”. Previous literature has demonstrated that poor SRH
increases mortality risk 13; 14. Additionally, changes in SRH predict changes in mortality
risk 15.

We also used age (continuous)1, gender, marital status, residence (urban/rural), assets,
wealth index, and education reported at baseline (2001) as covariables. Marital status was
categorized as: unmarried (single, divorced or separated), married (in a marriage or
cohabitation), and widowed. Residence was dichotomized as rural and urban using 100,000
inhabitants as the cut-off point. Assets were included at the individual level as a continuous
variable. Data for assets was collected in Mexican pesos, valued at the time of interview;
using the total value of assets minus debts 16. A wealth index was included in the analysis
because it is a more accurate and equitably distributed indicator of economic status than
income 17; 18. We used principal component analysis (PCA) to construct this variable
including four dwelling characteristics and six durable goods for the index. Others have
reported reliability and usefulness of results from PCA analysis including dwelling
characteristics and consumer durables to capture economic status among older adults 19. The
Cronbach’s alpha (0.86) indicated a high internal reliability of the wealth index with the
variables included. Only the first factor from the PCA was used because it explained 47.4%
of the variance with an eigenvalue of 4.3. The wealth index was included in the models
coded as low, medium and high. Due to low educational attainment in our sample, we
categorized education as: low (< 3 years), medium (3–5 years), and high (> 6 years).

Self-report of four infectious diseases was used: liver or kidney infection, tuberculosis and
pneumonia. Respondents were asked “In the last two years, has a doctor or medical
personnel told you that you have…?” for each disease2. Self-report of seven chronic
diseases was assessed: hypertension, diabetes, heart attack, cancer, lung disease, stroke, and
arthritis. Respondents were asked “Has a doctor or medical personnel ever told you that you
have…?” for each disease‡. Disease types were dichotomized (yes vs. no) and grouped to
form four categories of at least one reported disease: infectious, chronic, both (infectious and
chronic) and neither. Death could not be used as a separate transition group because of small
sample size, for example, only 14 individuals had died between both waves in the infectious
disease category. Thus death was included with poor SRH at follow-up.

1In separate analysis we included age squared in the regression to test for nonlinearity. However, the goodness of fit did not improve
and the estimator was not significant.
2The follow-up question was modified to assess incidence of infectious or chronic diseases between waves.
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Statistical Analysis
Descriptive statistics are reported as means and standard deviations for continuous variables
and percentages for categorical variables initially presented by four disease categories
(infectious, chronic, both and neither) at baseline. Sampling weights are used for these
analyses. To describe the change between waves, data is presented by SRH (poor vs. non-
poor) in 2003 according to 2001 characteristics.

To identify the risk of poor SRH at follow-up (2003), logistic regression analyses were
performed with three models including information from both waves. For all regression
analyses the data used is unweighted. Model 1 included all SES covariates at baseline
(2001). Model 2 included all variables from Model 1 and added SRH in 2001. Model 3
added the four disease categories using “neither” as the reference in addition to all SES
covariates and SRH in 2001. The latter approach has been validated to examine changes in
outcomes using two-panel studies 20.

To analyze the transitions in SRH between baseline and follow-up, estimated probabilities of
SRH at follow-up were calculated using Model 3. The estimated regression coefficients
were used to calculate probability of: 1) reporting poor SRH in 2003 conditional on
reporting poor SRH in 2001 (“remain poor”); 2) non-poor SRH in 2003 conditional on poor
SRH in 2001 (“improve”); 3) poor SRH or death in 2003 conditional on non-poor SRH in
2001 (“worsen”); and 4) non-poor SRH in 2003 conditional on non-poor SRH in 2001
(“remain healthy”). As stated above, due to low mortality incidence between baseline and
follow-up, death was combined with poor SRH in 2003 and then included in the “worsen”
transition category. The probabilities for these transitions (remain poor, improve, worsen,
and remain healthy) were obtained according to the four disease categories reported at
baseline (2001) keeping all other variables at their mean value. To illustrate the results
graphically, probabilities were plotted against age. For all models, testing was two-sided
using an alpha of 0.05. All analyses were performed using STATA software version 10.

Results
Table I shows characteristics of the sample by disease category. At baseline, individuals
reporting chronic diseases are older (mean age 63.5±9.7) than individuals with neither type
of disease (60.5±9.1). Women are more likely to report chronic diseases and both types of
disease compared to men. Conversely, more men than women report infectious diseases
despite a higher percentage reporting neither type of disease (46.9%). Widowed individuals
report having more chronic diseases, and the highest percentage of both types of disease.
Conversely, married individuals self-report to be healthier; they report the highest
percentage of neither and the lowest percentage of both. More individuals with chronic and
with both diseases live in urban areas while more individuals with infectious and neither
disease live in rural areas.

Additionally, individuals with higher education, higher assets and wealth, report the lowest
percentage of both diseases and the highest percentage of neither type of disease. All
differences are statistically significant across the four disease categories (p<.05). In
summary, older individuals with low SES (rural residence, low education, low assets and
low wealth) have higher percentages of infectious diseases, and both types of diseases.
Conversely, absence of diseases is more common among those with higher SES but reports
of chronic diseases increase for these individuals as well.

Table II shows self-reported health in 2003 by baseline characteristics. “Non-poor” includes
all individuals reporting excellent, very good, good and fair health. “Poor” includes all
individuals reporting poor health in addition to individuals that died. Individuals in poor
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health at follow-up tended to be older, women, widowed, to live in urban settings, and to
have lower education and lower wealth at baseline compared to those reporting non-poor
health. When analyzing the disease categories by SRH, those with both types of disease
report the highest percentage of poor SRH followed by those with chronic diseases. Those
with neither type of disease report the highest percentage with non-poor SRH. In summary
at follow-up those reporting poor health or that died had lower SES, tended to live alone and
in urban areas compared to those that reported non-poor health.

To check for the predictive power of the diseases further, we examined deaths between
waves (n=517). When examining mortality rates at follow-up by disease in 2001, the highest
rates were among individuals with both types of disease (8.2%), while individuals with
neither disease had the lowest mortality rate (3.8%). Differences were statistically
significant between the four disease categories (P<.001).

Table III reports odds of poor SRH in 2003 from three logistic regression models. Model 1
shows that older age, rural residence and lower education at baseline are associated with
higher odds of poor SRH at follow-up (p<.05). Conversely, males, those with higher assets
and higher wealth have lower odds of poor SRH (p<.05). Model 2 adds poor SRH in 2001.
Age and residence remain significant predictors of poor SRH at follow-up. Similarly, higher
assets and being male remain significant predictors decreasing the odds of poor SRH or
death at follow-up. Wealth is no longer a significant predictor (Odds Ratio [OR] 0.96,
Standard Error [SE] 0.03; p=0.18). Model 2 also shows that poor SRH in 2001 is the
strongest predictor increasing the odds of poor SRH or death in 2003 (OR 4.75, SE 0.27; p<.
0001). Model 3 adds type of disease. Older age, rural residence, lower education and poor
SRH in 2001 remain significant predictors (p<0.05) of poor SRH or death in 2003 after
controlling for all covariates in Model 2. Higher assets remains a predictor lowering the
odds of poor SRH or death in 2003, while being a male is no longer a significant predictor
(p=0.37). The three disease categories significantly increase the odds of poor SRH compared
to reporting neither type of disease. The odds are highest for persons with both types of
diseases (OR 2.63, SE 0.24), followed by those with chronic diseases (OR 1.86; SE 0.12)
and finally those with infectious diseases (OR 1.55; SE 0.25)3.

Figure 1 presents predicted probabilities of transitions in SRH estimated from Model 3 by
type of disease and SRH at baseline. The probabilities by age show that individuals with
both diseases in 2001 have the highest probability of remaining in poor health or worsening
than any other disease category. Additionally, individuals with neither type of disease are
the least likely to remain in poor health or worsen and are the most likely to remain healthy
and improve between waves. As a final point, individuals with chronic diseases have higher
probability of remaining in poor health or worsening compared to individuals with
infectious diseases.

Additional analyses (available from authors) illustrate that by residence, individuals in urban
setting have a higher probability of remaining poor or worsening compared to those in the
rural setting. Those living in rural settings have a higher probability of staying healthy and
improving. Similarly, those with better SES have higher probability of recovery and
remaining healthy and lower probability of worsening or remaining in poor health.

3“Liver or kidney infection” is vague and can be perceived to confound the results from the regression models. Results remain
virtually unchanged when “liver or kidney infection” is excluded from the “infectious disease category”. The OR for only-infectious
or only-chronic diseases increases by 0.02, and the OR for those with both types of disease decreases by 0.04 in model 3.

Samper-Ternent et al. Page 5

Salud Publica Mex. Author manuscript; available in PMC 2013 October 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Discussion
Our study confirms that type of disease affects global health of older adults over time.
Individuals with both infectious and chronic diseases have worse SRH compared to those
with each type alone. Moreover, individuals with infectious diseases at baseline report better
SRH compared to those with chronic diseases or both. In contrast, more individuals with
chronic disease or both types of disease at baseline remain with poor SRH or worsen. Thus,
different types of disease increase the odds of poor SRH differently, even after controlling
for SES variables.

Our findings contribute to the literature that strives to determine the health dynamics of
older adults 21; 22. Many older adults suffer from chronic conditions that affect their quality
of life because of the symptoms they can cause, the limitations imposed by them, and the
side effects that treatments originate. In developing countries that are aging rapidly like
Mexico, however, many older adults suffer infectious and chronic diseases simultaneously
while exposed to poverty, malnutrition and limited healthcare access 23; 24. Thus, a mixed
regime of infectious and chronic diseases poses a unique burden on older adults in Mexico.

For these adults, physiological reserve decreases rapidly and fewer biological resources are
available to face acute diseases 25; 26. This physiologic decline varies noticeably among
individuals, manifests differently for each type of disease and is highly correlated with the
number and type of alterations an individual suffers 27; 28. Chronic diseases affect multiple
physiologic systems simultaneously and cause symptoms once physiologic functioning is
disrupted 29. On the other hand, infectious diseases are usually limited to a short period of
time, and cause symptoms early in their course, affecting function mostly of the immune
system 30. With these differences in mind, our study attempted to clarify the role different
disease categories play on the dynamics of overall health. We conclude that the mixed
regime present in countries like Mexico should perhaps be considered as a stage of the
transition rather than simply a transition between stages as proposed by researchers using
Omran’s model. The structural and economic conditions prevalent in developing countries
such as Mexico indicate that these countries may spend considerable time in this stage
before advancing to a different one.

Our findings also support the concept of deficit accumulation as a predictor of adverse
outcomes in older adults 28; 31; 32. In Table III, individuals with both infectious and chronic
diseases have the highest risk of reporting poor health and dying. Given that individuals age
within a specific context and that this context makes the aging experience unique, analyzing
the effect of different contextual variables on health (self-reported in this case) seems useful.
This study provides evidence that combinations of different diseases enhances the risk
profile for older adults and supports the idea that rather than analyzing diseases as a group,
different disease categories provide a more comprehensive approach to understand older
adults’ health and the aging process, especially in developing countries like Mexico.

Additionally, differences observed between disease categories support the notion that not
only the number but also the type of disease determines how the overall health of individuals
with different characteristics changes. Infectious diseases have been commonly related to
lower SES. Individuals with lower SES are exposed to poorer nutrition, worse sanitary
conditions and poor healthcare, increasing their risk for infectious diseases 33. Lower SES
has also been related to chronic diseases but in a different way. Lower SES is related to
higher rates of complications, higher mortality rates and poorer compliance with medical
treatment for such diseases 34.

Our models show that after controlling for type of disease, rural residence and low education
are predictors of worsening health. Our study reveals new information related to the
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epidemiologic transition occurring in Mexico. When two-year transitions in SRH are
analyzed, infectious diseases are predictors of recovery while chronic diseases are predictors
of worsening SRH, remaining with poor SRH or dying. The importance of this result hinges
on the biological differences between infectious and chronic diseases, which appear to have
important consequences. Furthermore, these results highlight the value of giving adequate
attention to infectious disease eradication despite the exponential rise in chronic diseases in
rapidly aging countries like Mexico. Mixed epidemiological regimes like the one in Mexico
challenge previous paradigms and must be carefully analyzed in the context of demographic
and epidemiologic transitions.

Our study contributes to the literature by examining factors that affect the relationship
between SES and SRH. We have identified type of disease as a potential modifier of this
relationship that requires further analysis. The mixed regime observed in Mexico suggests
that countries may not follow the traditional epidemiologic transition scheme, but rather
experience a unique and different stage worth examining. Nevertheless, our study has some
limitations. First, all the diseases included in our analyses were self-reported, however, good
face validity of self-reports of disease has been found 35. Laboratory tests and imaging
studies would provide complementary information to better understand the effect of diseases
on overall health. Second, grouping the conditions in four categories overlooks several
aspects of the disease course for each condition. However, this common categorization
provides important information for prevention and public health. Finally, the low rates of
mortality limit the conclusions we can draw from our data on the effect of each type of
disease and SRH on mortality incidence. A longer follow-up of the individuals studied will
allow for more comprehensive analyses related to mortality as an outcome.

In conclusion, the number and type of disease affect health status and disease progression
and modify the relationship between SES and health. The biological mechanism and
physiological processes behind each disease are likely to impact how overall health is
perceived and reported. Future studies need to consider other SES indicators such as
healthcare access and health insurance to determine how health policies can target
differences by type of disease. In addition, our study indicates that, despite the
epidemiological transition that has heightened the importance of chronic diseases, countries
that are aging rapidly like Mexico need to pay closer attention to infectious diseases among
older adults, and keep resources focused on their control and eradication. Disregarding the
relevance of infectious diseases for public health in favor of chronic conditions may be
unjustified and somewhat premature.
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Figure 1.
Probability of transitions in self-reported health between 2001 and 2003 by age and type of
disease at baseline (2001)
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Table II

Self-reported health in 2003 or death by characteristics at baseline (n=10,999 a)

Non-poor Poorb

Mean (SD)c Mean (SD)c p-value

Total Sample Size (n=10,999a) 8,995 2,004

Age

Mean (SD) 61.6 (9.1) 66.5 (10.8) *

Assets (LN at the individual level)g

Mean (SD) 10.8 (3.3) 10.4 (3.4) *

% c % c p-value

Age group

50–59 86.1% 13.9% *

60–69 78.7% 21.3%

70–79 76.2% 23.8%

80+ 66.7% 33.3%

Sex *

Male 83.3% 16.7%

Female 79.3% 20.7%

Marital Status

Singled 82.0% 18.0% *

Marriede 81.3% 18.7%

Widowed 79.7% 20.3%

Locationf

Urban 77.2% 22.8% *

Rural 85.9% 14.1%

Education

Low 75.0% 25.0% *

Moderate 81.8% 18.2%

High 88.8% 11.2%

Assets (LN at the individual level)g

Mean (SD) 10.8 (3.3) 10.4 (3.4) *

Wealth Index (tertiles)h

Low 75.6% 24.4% *

Medium 84.9% 15.1%

High 82.0% 18.0%

Type of Disease *

Infectious 80.0% 20.0%

Chronic 76.8% 23.2%
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Non-poor Poorb

Mean (SD)c Mean (SD)c p-value

Total Sample Size (n=10,999a) 8,995 2,004

Both 65.8% 34.2%

Neither 88.7% 11.3%

*
p<0.001;

**
p<0.01;

***
p<0.05

Data for this study was collected in rural and urban locations in Mexico by INEGI as part of the MHAS/ENASEM Study.

Note: p-values indicate Pearson’s Chi-Square test results for the categorical variables and t-test for the continuous variable (Assets) included using
an unweighted model to compare the two categories

a
Sample size across variables may vary due to missing values

b
Poor includes death between baseline and follow-up

c
Weights used when estimating means, standard deviations (SD), and percentages

d
Includes single, divorced, or separated

e
Includes married and cohabitation

f
Rural regions have ≤100,000 inhabitants

g
Calculated in Mexican Pesos

h
Wealth index uses the first factor of principal component analysis (see Methods section).
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